Background and objective: Previous studies indicated cancer survivors had a higher risk of developing subsequent pancreatic ductal adenocarcinoma. However, the influence of prior cancer on survival outcomes of current pancreatic cancer remains unclear. Methods: Eligible populations were selected from the Surveillance, Epidemiology, and End Results programs from 2000 to 2012. We adopted Kaplan-Meier curves and Cox analysis to compare survival differences between patients with and without prior cancer. Results: Overall, 67,555 pancreatic cancer patients, including 5582 (8.26%) with and 61,973 (91.74%) without prior cancer, were included. The most common types of prior cancers were prostate, breast, and colorectal cancers. The median time from diagnosis of an initial malignancy to subsequent pancreatic cancer was 59.8 months. Patients with a prior cancer had higher overall one-year and three-year survival rates compared with those without a prior cancer. Multivariable Cox analysis demonstrated that a history of prior malignancy could independently predict the better overall survival outcome of pancreatic cancer (HR ¼ 0.92, 95% CI, 0.89-0.94, p < 0.001), especially for colorectal, breast, corpus uteri and prostate cancer survivors. Conclusions: A history of cancer did not contribute to a poor survival outcome for patients with pancreatic cancer. More prospective trials might be warranted to validate our findings.
. The median time from diagnosis of an initial cancer to subsequent pancreatic ductal adenocarcinoma was 59.8 months. . A history of cancer did not contribute to a poor prognosis for pancreatic cancer patients.
Introduction
Pancreatic cancer, a highly lethal disease, remains one of the leading causes of cancer-related deaths worldwide. In 2017 the US was estimated to see approximately 53,670 new cases and 43,090 deaths. [1] [2] [3] Pancreatic ductal adenocarcinoma (PDAC), a major histological subtype, comprises 90% of pancreatic cancer cases. Due to the aggressive biology of PDAC, patients often present with local invasion and distant metastasis at the diagnosis, thus leading to its extremely poor prognosis. 3 Therefore, it is important to develop screening and surveillance strategies for early detection, as well as new advanced therapies.
To date, our understanding of PDAC aetiology has not been understood completely. Several risk factors, such as obesity, tobacco, and Type II diabetes, are associated with incidence of PDAC. [4] [5] [6] It is well known that cancer survivors have a higher risk of developing a secondary cancer in later life, including PDAC. 7 According to a previous study, antecedent cancer history (colon cancer, biliary system and uterus malignancies) directly increases risk of subsequent PDAC. 8, 9 Genetic predisposition and common environmental risk factors together may contribute to this phenomenon. [10] [11] [12] With increased numbers of cancer survivors, further understanding of the relative risk of developing secondary PDAC might contribute to better prognosis of this population. In addition, whether a history of prior nonpancreatic cancer could affect the survival outcome of PDAC patients is poorly understood. Therefore, we conducted a populationbased study to address this gap, which might have important implications for screening and surveillance guidelines.
Method

Data source and population
Data were obtained from the Surveillance, Epidemiology and End Results (SEER) by SEER*Stat, version 8.3, which covers approximately 30% of the population in the US. Current data were based on 18 registries in the SEER released in April 2017 (San Francisco-Oakland Metropolitan Statistical Area), Connecticut, Detroit (Metropolitan), Hawaii, Iowa, New Mexico, Seattle (Puget Sound), Utah, Atlanta (Metropolitan), San Jose-Monterey, Los Angeles, Rural Georgia, California excluding San Francisco/San Jose Monterey/Los Angeles, Kentucky, Louisiana, New Jersey, Greater Georgia). 13 In the present study, we identified a cohort of patients who were aged 18 with histological diagnoses of pancreatic cancer between 2000 and 2012. According to the International Classification of Diseases for Oncology, third edition (ICD-O-3), 14 pancreas cancers were identified by tumour site code (C25.0, C25.1, C25.2, C25.3, C25.7, C25.8 and C25.9). Histological type of adenocarcinoma and infiltrating pancreatic adenocarcinoma (ICD-O-3 histology codes 8140 and 8500) were defined as PDAC. For patients with prior primary malignancies, we included only the common sites of prostate, breast, colon and rectum, lymphoma/leukaemia, lung and bronchus, melanoma, kidney/renal pelvis, head and neck, thyroid, stomach, liver/gallbladder/bile ducts, ovary, oesophagus, corpus uteri and bladder. To avoid the possibility of synchronous metastasis, we required a latency period of at least six months after diagnosis of initial prior cancer. Survival time was defined as the time from diagnosis to date of death, or censored at the last follow-up or alive until last follow-up. The last follow-up time for the current study was 31 December 2014. This study was exempt from institutional review board review due to the public nature and de-identification of all data.
Statistical analysis
We compared characteristics of patients with and without a history of prior cancer by Chi-square tests. The mean times between diagnosis of prior cancer and subsequent PDAC were calculated according to prior cancer site. The distributions of tumour size and stage were compared stratified by prior cancer site. Then we calculated the overall one-year and three-year survival rates of PDAC patients with and without prior cancer by Kaplan-Meier curves, and survival differences were examined by log-rank test. Furthermore, we explored the cause of death in PDAC patients with prior malignancies stratified by first cancer site. Finally, we used a multivariable Cox model to estimate hazard ratios (HRs) of prior history of cancer in survival outcomes of PDAC patients. A two-sided p < 0.05 was considered statistically signiEcant and all analyses were performed by STATA, version 13.0 (StataCorp, College Station, TX, USA) and R, version 3.40 (http://www.r-project.org).
Results
Within the criteria set above, a total of 67,555 PDAC patients were identified from the SEER database, including 5582 (8.26%) patients with a history of prior malignancies and 61,973 (91.74%) patients without prior cancer. The detailed baseline characteristics of patients are summarised in Table 1 . Compared with cases without previous cancer, individuals with previous malignancies were older and male, had smaller tumour size and were at the localised and regional stage. The percentage of surgery was similar between patients with and without a previous malignancy, and patients with prior cancer received less radiation and chemotherapy. Among 5582 PDAC patients with a history of cancer, prostate (32.9%) was the most common initial site, followed by breast (18.4%), colon and rectum (12.4%), lymphoma/leukaemia (6.9%), bladder (6.2%), lung and bronchus (4.9%), melanoma (4.4%), kidney/renal pelvis (3.5%), Corpus uteri (3.1%) head and neck (2.2%), thyroid (1.6%), liver/gallbladder/bile ducts (1.1%), stomach (1.0%), ovary (1.0%) and oesophagus (0.4%) ( Table 2 ). The interval from the initial cancer to secondary PDAC is illustrated in Figure 1 . The overall median time between the diagnosis of a prior malignancy and subsequent PDAC was 59.8 months. For cancer survivors of colon and rectum, breast, corpus uteri, prostate, and thyroid, the interval exceeded 60 months, while for survivors of ovary, lung and bronchus, oesophagus, and liver/gallbladder /bile, the interval was less than 50 months ( Figure 1 ). Figures S1 and S2 display the distribution of stage and tumour size of PDAC stratified by initial prior cancer sites. Patients with a history of oesophagus, stomach, colon/rectum, lung/bronchus and liver/gallbladder/bile duct cancer were more likely to be diagnosed with PDAC at the localised and regional stage ( Figure S1 ). Among survivors of oesophagus, colon/rectum, lung/bronchus, breast, corpus uteri, ovary and thyroid cancer, the proportion of small size of PDAC (2 cm) was higher compared with patients without a prior cancer ( Figure S2 ).
To examine whether history of cancer could influence survival, we adopted Kaplan-Meier analysis to compare survival differences. Patients with a prior cancer had significantly better overall survival than those without a prior cancer (Figure 2 , p < 0.01). The overall one-year survival rate for patients with or without previous cancer were 28.66% (95% confidence interval (CI), 27.45-29.87) and 26.34% (95% CI, 25.99-26.69), respectively (Table S1 ). The overall three-year survival rate was 5.83% (95% CI, 5.65-6.02) for patients with no history of cancer versus 9.60% (95% CI, 8.82-10.41) for patients with a prior cancer (Table S1 ). When stratified by initial cancer sites, compared with PDAC patients without prior cancer, survivors of breast, ovary and corpus uteri cancers had better short-term outcomes (oneyear survival rate) and survivors of colon and rectum, breast, corpus uteri, prostate, kidney and renal pelvis cancers enjoyed a better long-term prognosis (three-year survival rate). Furthermore, we also analysed the distribution of outcomes (prior cancer death, PDAC death, or alive). In patients without previous cancer, 91.37% of the population died of PDAC, while among patients with a history of cancer, 78.79% patients died of PDAC, and (Table 3) . Among patients with a history of cancer of the colon and rectum (HR, 0.87, 95% CI, 0.80-0.94), breast (HR, 0.88, 95% CI, 0.82-0.94), corpus uteri (HR, 0.84, 95% CI, 0.71-0.99) and prostate (HR, 0.92, 95% CI, 0.87-0.97), the risk of allcause mortality was significantly decreased compared with patients without a history of cancer (Table S2) .
Discussion
To our best of knowledge, the current study first addressed whether PDAC patients with a history of nonpancreatic cancer faced a worse prognosis than other patients without prior cancer. Most of our results had never been previously reported. In our study, a history of cancers occurred in 5582 (8.26%) PDAC patients, and the three most common types of prior cancer were breast, prostate and colorectal cancers. The association between nonpancreatic cancers and subsequent pancreatic cancer had also been addressed by previous studies. 8, 9, 15 The excess risk of multiple malignancies might reflect a genetic predisposition and similar environmental factors. 16, 17 Up to 15% of pancreatic cancers have a genetic predisposition, such as mutations in Partner and Localiser of BRCA2 (PALB2), Ataxia telangiectasia mutated (ATM), BRCA2 and other hereditary cancer syndromes. [18] [19] [20] [21] [22] [23] [24] Additionally, several environmental risk factors, such as heavy consumption of alcohol, tobacco, Western diet and insufficient physical activity, are also associated with increased incidence of malignancies. 9, 25 The mean interval between a prior malignancy and subsequent PDAC was 59.8 months, and the intervals were longest for breast cancer survivors and shortest for oesophagus cancer survivors. This information might provide some clue for strategies about screening intervals. Earlier stage and smaller tumour size of PDAC were detected in cancer survivors. This likely may be attributed to active surveillance and screening practices in cancer survivors. These results indicate that screening for PDAC in cancer survivors is necessary. In addition, we also demonstrated that PDAC patients with prior history of cancer did not result in inferior survival outcomes when compared with those without previous cancer. Most patients with prior cancer also died of pancreatic cancer rather than prior cancers, which might reflect the aggressive biology of PDAC. Similar results are also supported by the results from lung cancer studies. 26, 27 Laccetti et al. 27 reported that prior cancer did not affect the survival outcomes among patients with stage IV lung cancer. On the contrary, overall survival even significantly favoured PDAC patients with a history of colorectal, breast, corpus uteri and prostate cancer. The underlying causes were unclear but likely multifactorial. First, familial pancreatic cancer accounts for a small fraction of all pancreatic cancer cases. Most PDAC might be biologically independent of prior cancer. 9 Second, reduced exposure to risk factors and intensive surveillance after the Erst diagnosis of a cancer might contribute to the favourable prognosis of PADC. In the current study of patients with prior cancer, PDAC stage was more likely to be localised and tumour size tended to be smaller. These findings should spur us to rethink the long-accepted and intuitive assumption that a history of cancer might negatively influence the prognosis. Thus, the practice of exclusion participants with a history of prior cancer 26 from current clinical oncology trials needs to be re-evaluated. Several studies also addressed this issue recently. Gerber et al. showed no evidence that lung cancer survivors with prior cancer had a worse prognosis, 26 just as our results indicated. Therefore, broader inclusion criteria of PDAC patients with prior cancer might be feasible to improve accrual and generalisability of trials.
Before considering the implications of our findings, several methodological limitations of the current study deserve mention. First, the SEER database did not provide detailed information about chemotherapy and several covariates, such as smoking status or obesity, which might influence survival outcomes of PDAC patients. Second, we were unable to totally exclude the possibility of misclassification of PDAC. Third, we included only 15 common previous cancer sites in our analysis and therefore we were unable to evaluate the prognosis of PDAC patients with less common Figure 2 . Kaplan-Meier survival curves of pancreatic ductal adenocarcinoma patients with and without prior history of cancer.
types of malignancy. In addition, we did not analyse patients with more than two prior malignancies separately in the current study because of the limited number of participants.
In conclusion, 8.26% of PDAC patients have a history of prior cancer. More PDAC cases occurred five years after diagnosis of an initial cancer. A history of cancer did not convey an adverse effect on overall survival of PDAC patients. We hope that our results fill a critical knowledge gap concerning the prognostic impact of prior cancer and could provide some implication for clinical practice.
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